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CURVE APPROACH DEVICE, AND VEHICLE 
EQUIPPED WITH CURVE APPROACH 

DEVICE 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 

The present invention relates to a curve approach control 
device for estimating and judging the approach of a curve 
ahead for a vehicle based on information from a navigation 
system, and Warning alarms and controlling deceleration and 
soon, and a vehicle equipped With this curve approach 
control device. 

2. Description of Related Art 
In the related art, a large number of curve approach 

control devices and vehicles equipped With such curve 
approach devices have been proposed Where it is detected 
Whether a vehicle is traveling too fast for an approaching 
curve using road map data and the like of the navigation 
system and alarms are then issued or control is eXerted to 
decelerate. 

For example, in Japanese Application Laid Open No. 
4-236699, there is disclosed technology Where an appropri 
ate vehicle approach speed is calculated according to road 
characteristics such as the radius of curvature of the curve 
based on information for a curve the vehicle is approaching 
provided by the navigation system. When the actual vehicle 
speed is higher than this appropriate vehicle approach speed, 
the driver is noti?ed of this and is commanded to reduce 
speed, or control is eXerted to automatically decelerate 
according to this command. 

HoWever, map data for the navigation system is not 
usually updated With the most recent information, but is 
rather updated periodically. There are therefore many occa 
sions Where the road data for the navigation system and the 
actual shape of the road are not the same. 

There is therefore a strong possibility of erroneous judg 
ments occurring With regards to alarms for the approach of 
a curve and deceleration control of the vehicle that rely upon 
curve information from the navigation system. Such unnec 
essary alarms and the like not only make the driver feel 
uncomfortable, but also cause drivability to deteriorate. 

In order to resolve the aforementioned situation it is 
therefore the object of the present invention to provide a 
curve approach control device and a vehicle equipped With 
this curve approach control device capable of judging When 
curve information supplied by the navigation system is 
erroneous and avoiding the outputting of unnecessary con 
trol commands before something happens. 

SUMMARY OF THE INVENTION 

A curve approach control device for predicting and judg 
ing the approach of a curve based on information for a curve 
ahead for a vehicle and outputting prescribed control com 
mands comprises means for comparing and judging coinci 
dence betWeen curve information supplied by a navigation 
system and actual curve information based on actual vehicle 
behavior, and means for stopping outputting of the control 
commands When it is judged that the curve information from 
the navigation system and the actual curve information do 
not coincide. 

The above and other objects, features and advantages of 
the invention Will become more clearly understood from the 
folloWing description referring to the accompanying draW 
mgs. 
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2 
BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is an overall structural vieW of a curve approach 
control device. 

FIG. 2A is a vieW illustrating intervals betWeen nodes 
taken as a reference for vehicle position sent from the 
navigation system, and 

FIG. 2B is a vieW illustrating the node angle and the 
radius of curvature of the curve calculated based on the 
information in FIG. 2A. 

FIG. 3A is an illustration shoWing an eXample of an actual 
curve ahead for a vehicle and curve information inputted 
from a navigation system, 

FIG. 3B is a vieW illustrating an eXample of curve depth 
obtained from the navigation system and an integral value of 
detected yaW rate for the case in FIG. 3A, and 

FIG. 3C is a vieW illustrating an eXample of actual 
curvature based on maXimum curvature obtained from the 
navigation system data and actual vehicle behavior calcu 
lated from detected vehicle speed and yaW rate for the case 
in FIG. 3A. 

FIG. 4 is a ?oWchart of a routine for a navigation system 
matching process. 

DETAILED DESCRIPTION OF PREFERRED 
EMBODIMENTS 

The folloWing is a description based on FIG. 1 to FIG. 4 
of a preferred embodiment of the present invention. 

In FIG. 1, numeral 10 is a controller constituting the main 
component of the curve approach control device and 
includes a microcomputer and other peripheral circuits. 
Information from sensors for detecting vehicle behavior 
such as a speed sensor 1, a yaW rate sensor 2, and a lateral 
acceleration sensor 3 and so on is inputted to the controller 
10 either directly or through communication betWeen units. 
Road information from a Well-knoWn navigation system 20 
is also inputted through communication betWeen the units. 
At the controller 10, it is judged Whether or not the vehicle 

equipped With the controller 10 can negotiate an approach 
ing curve in a sufficiently stable manner based mainly on 
information from the navigation system 20, and an alarm 
device 30 such as a buZZer, a sound alarm or a Warning light 
is driven as necessary in order to notify the driver. 

When it is necessary to forcibly decelerate, the controller 
10 outputs a decelerate command to a deceleration device 40 
and control is then eXerted to decelerate by shifting doWn the 
transmission, reducing engine torque, or by braking, and so 
on. Further, When the steering angle With respect to the curve 
is inappropriate to an eXtent that is considered to be unsafe, 
a steering angle correction command is outputted to a 
steering device 50 and steering is controlled. 
The reliability of curve information calculated based on 

road information from the navigation system 20 is then 
veri?ed at the controller 10 using real curve information 
calculated from turning motion parameters expressing the 
actual behavior of the vehicle as detected by the sensors 
(navigation matching). When curve information from the 
navigation system 20 does not match With real curve infor 
mation based on actual vehicle behavior, data (navigation 
data) from the navigation system 20 is judged to not be 
reliable. Control commands for alarms, deceleration and 
steering and the like are then halted for a set travel distance, 
set time, or until mismatching no longer applies, and erro 
neous operation is therefore prevented from occurring. 
The node number pertaining to the travel route of the 

vehicle, the latitude and longitude (east longitude, north 
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latitude) of the vehicle position, data relating to a node 
directly after the vehicle, and data relating to a node for the 
travel route of the vehicle Within a set range ahead for the 
vehicle are output from the navigation system 20 at intervals 
of prescribed distances so as to be included in information 
for the type of road and road Width, and the like. At the 
controller 10, the angle for every node and the curvature of 
the curve (navigation curvature) are calculated based on 
position information for every node sent from the navigation 
system 20, the total value (total navigation angle) of node 
angles for the same curve are obtained as curve depth, the 
node point having the largest curve curvature (smallest 
curve radius of curvature) Within the same curve is detected, 
and the curvature of this node is obtained as the maximum 
navigation curvature. 

Speci?cally, as shoWn in FIG. 2A, an interval Lp?] 
betWeen a node Pj(xp?], ypm) and a previous node Pj-l 
(xp?-l], ypLj-1]) is calculated for each node using the 
folloWing equation (1) using node coordinates referencing 
the vehicle position sent from the navigation system 20. 
Next, as shoWn in FIG. 2B, a node angle tpLj] for each node 
Pj is calculated using the folloWing equation (2) based on the 
node coordinates, and radius of curvature at node Pj is 
then calculated using the folloWing equation (3) based on the 
results of this calculation. The node angle tp?] obtained here 
is then expressed as a positive value in the case of a right 
corner and as a negative value in the case of a left corner. 

Here, min(LpLj], Lp?+1]) in equation (3) is for selecting 
Whichever is the shortest of Lp?] and LpLj+1], and in FIG. 
2B, as Lp?]<LpLj+1], min(Lp?], Lp?+1])=Lp?]. 

The maximum value of the curvature (maximum naviga 
tion curvature) sinmirnaviimax Within the same curve is 
then obtained based on the results of the above calculation 
and the total navigation angle (curve depth) sinmitnavi is 
then obtained by adding previous node angles for each node 
for the plurality of nodes included in the same curve. 
Judgment of the same curve is carried out by identifying 
Whether or not neighboring nodes are nodes making up the 
same curve based on node angles tpLj] for each node, each 
node interval Lp?] and road Width attribute information. 

Namely, When the node interval Lp?] is smaller than an 
interval set based on the road Width attribute, and code of 
tpLj-l] and tpLj] for the various node angles shoWing the 
direction of curve at each node are the same, it is judged that 
the nodes Pj-l and Pj are consecutive parts of the same 
curve. The adoption of an interval corresponding to the road 
Width attribute as a threshold value for the node interval 
Lp?] in the same curve judgment is to provide compatibility 
With the tendency Whereby radius of curvature is larger for 
Wider roads, so that the spacing betWeen nodes on the curve 
becomes large. 

At the same time, a yaW rate y from the yaW rate sensor 
2 is used at the controller 10 as a turning motion parameter 
expressing the actual behavior of the vehicle. The value Iydt 
that is the integral of the yaW rate y at the section corre 
sponding to navigation data for the same curve is then 
obtained as a yaW angle sinmipsi corresponding to the 
curve depth (total navigation angle) sinmitnavi. Ahighest 
value (highest real curvature) sinmirpsiimax for a cur 
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4 
vature obtained from actual vehicle behavior using turning 
radius (EV/Y) calculated from vehicle speed V from the 
speed sensor 1 and yaW rate y from the yaW rate sensor 2 is 
obtained as a parameter corresponding to the highest navi 
gation curvature s nmirnaviimax. The highest real cur 
vature can also be calculated from the speed and the lateral 
acceleration. 

It is then investigated Whether or not a difference betWeen 
a curve depth sinmitnavi based on the navigation data and 
a yaW angle sinmipsi based on actual behavior of the 
vehicle, and the difference betWeen a highest navigation 
curvature sinmirnaviimax based on navigation data and 
a highest curvature sinmirpsiimax based on actual 
vehicle behavior, are Within a set range. If these are Within 
a set range, then actual vehicle behavior matches With the 
navigation data and it is judged that the navigation data is 
reliable. On the other hand, When the difference betWeen the 
curve depth sinmitnavi and the yaW angle sinmipsi or 
the difference betWeen the highest navigation curvature 
sinmirnaviimax and the highest real curvature sinmi 
rpsiimax is not Within the set range, the actual vehicle 
behavior does not match With the navigation data and the 
navigation data is therefore judged to be unreliable. Output 
of control commands to the alarm device 30, deceleration 
device 40 and steering device 50 is then halted. 

Namely, as shoWn in FIG. 3A, a description is given of the 
case Where there is a curve shoWn by a solid line in the 
direction of travel of a vehicle 100. When curve information 
shoWn by a dotted line is inputted from the navigation 
system 20, at a section B Where curve information from the 
navigation system 20 and the actual curve of the road match, 
as shoWn in FIG. 3B, an integral value of a yaW rate detected 
by the yaW rate sensor 2 gradually increases With respect to 
the curve depth obtained from the navigation data according 
to a change in the actual vehicle yaW rate and reaches a 
prescribed peak value so that the mutual differences are 
Within the set range. As shoWn in FIG. 3C, the real curvature 
based on actual vehicle behavior calculated from vehicle 
speed and yaW rate gradually increases With respect to the 
highest curvature of the curve (highest navigation curvature) 
obtained from the navigation data so as to reach a ?xed value 
(highest real curvature) and the mutual differences are then 
Within a set range. It is not therefore detected at this time that 
the navigation data and the actual vehicle behavior do not 
coincide. 

Next, in section B to C, the real curvature calculated from 
the integral value of the yaW rate, the vehicle speed, and the 
yaW rate should change in the manner shoWn by the dotted 
line provided that the actual curve shape and the navigation 
data curve shape are substantially the same. HoWever, as the 
shape of the actual road curve gently changes With respect 
to the shape of the navigation data curve, change in the real 
curvature based on the integral value of the yaW rate, vehicle 
speed and yaW rate becomes small as shoWn by the solid 
lines in FIG. 3B and FIG. 3C and is reset at the point Where 
the curvature for the actual road becomes small in the 
vicinity of the end of section B (When the curve is gentle so 
that the change in the yaW rate is less than the set value, this 
can be seen from calculation as a substantially straight line, 
and the saved value is cleared). Mismatching betWeen the 
navigation data and the actual vehicle behavior is therefore 
detected at this time, and the outputting of commands 
controlling alarms, deceleration and steering and the like are 
then halted for a ?xed distance, a ?xed time, or until it is 
con?rmed in the section D that the navigation data and the 
actual behavior of the vehicle match. 
When the vehicle is not positioned on road map data that 

is possesses itself in the form of the navigation system 20, 
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for example, When a partial detour is in place due to road 
Works being in progress on the actual road and the vehicle 
follows this detour, or When the part of the actual road is in 
the form of a short-cut, and the like, data for the road ahead 
intended for output by the navigation system 20 is not 
outputted and only the east longitude and north latitude for 
the vehicle position are outputted. If, even When traveling 
normally, the vehicle position goes temporarily out from the 
road map data Within the navigation system 20 in the vicinity 
of a curve or crossroads due to a position error betWeen the 
road map data Within the navigation system 20 and the actual 
road or because of an error in the absolute position of the 
vehicle provided by a GPS, data for the road ahead intended 
for output by the navigation system 20 is not outputted and 
just the east longitude and north latitude for the vehicle 
position are outputted. In such cases it is not possible to get 
matching betWeen the navigation data and the actual vehicle 
behavior. The outputting of commands for controlling 
alarms, deceleration and steering is therefore halted imme 
diately by the controller 10 Without having to perform 
judgments until there is matching. 

The folloWing is a description using the ?oWchart shoWn 
in FIG. 4 of the navigation matching process of the control 
ler 10. 

In this matching process, ?rst, in step S1, the controller 10 
judges Whether or not the current value for the total navi 
gation angle sinmitnavi for this time has changed aneW 
With respect to a saved value for the previous time based on 
node data from the navigation system 20. When the current 
value for the total navigation angle sinmitnavi has not 
changed With respect to the saved value, step S3 is pro 
ceeded to. When the current value of the total navigation 
angle sinmitnavi is changed aneW With respect to the 
saved value, step S2 is proceeded to, the saved value for the 
highest navigation curvature for the previous time and 
before is substituted With the value for this time, the highest 
navigation curvature sinmirnaviimax is updated, and 
step S3 is proceeded to. 

Next, in step S3, the controller 10 checks as to Whether or 
not the value for this time has been changed from a pre 
scribed value to Zero, With the saved value for the previous 
time and before for the yaW angle sinmipsi being a 
prescribed value other than Zero. Namely, in this method, the 
controller 10 executes a separate routine to perform pro 
cessing to integrate the yaW rate y supplied by the yaW rate 
sensor 2 and obtain a yaW angle sinmipsi. When the yaW 
rate y is a prescribed value or less, this appears as a straight 
line and Zero is substituted into the yaW angle sinmipsi. 
After the controller 10 advances from step S3 to step S4 
When the yaW angle sinmipsi is not changed from the 
prescribed value to zero, ie in the case of being Within the 
same curve, and the controller 10 updates the highest real 
curvature sinmirpsiimax according to results of compar 
ing the saved value for the real curvature for the previous 
time and beforehand and the value for this time based on the 
vehicle speed V and the yaW rate y, step S7 is proceeded to 
and processing is carried out to verify the reliability of 
navigation data from the highest navigation curvature 
sinmirnaviimax and the highest curvature sinmirpsii 
max. When the yaW angle sinmipsi is changed to Zero 
from the prescribed value, the controller 10 proceeds from 
step S3 to step S5 and a process is carried out to verify the 
reliability of navigation data from the total navigation angle 
(curve depth) sinmitnavi and the yaW angle sinmipsi. 

In step S5 it is judged Whether or not the total navigation 
angle sinmitnavi and the yaW angle sinmipsi match. 
When there is no matching and mutual polarities do not 
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6 
coincide, step S8 is branched to, and the process of going 
through a control OFF evaluation process to suspend control 
commands for alarms, deceleration and steering and the like 
is carried out. Namely, the polarities of the total navigation 
angle sinmitnavi and the yaW angle sinmipsi are dif 
ferent and if the mutual difference is slight, then there are 
cases Where this is Within the permitted range for matching 
even When the direction of the curve from the navigation 
system 20 and the direction of the curve obtained from the 
actual behavior of the vehicle do not match. Therefore, 
under these kinds of conditions, the controller 10 performs 
evaluation taking non-matching of polarities as one condi 
tion for halting the outputting of control commands due to 
non-matching With the real curve information based on 
curve information from the navigation system 20 and actual 
vehicle behavior. Evaluation is performed here With regards 
to the polarity of the total navigation angle sinmitnavi and 
the polarity of the yaW angle sinmipsi but the same also 
applies to the highest navigation curvature sinmirnavii 
max and the highest real curvature sinmirpsiimax. 

Next, When the total navigation angle sinmitnavi and 
the yaW angle sinmipsi match and the mutual polarities 
also match, step S6 is proceeded to from step S5 and a 
judgment is made as to Whether or not an absolute value of 
the difference betWeen the total navigation angle sinmi 
tnavi and the yaW angle sinmipsi is smaller than a 
judgment threshold value. In step S6, When |sinmitnavi 
sinmipsi|§the judgment threshold value, the routine for 
evaluation processing of the OFF control in step S8 is 
carried out, and When |sinmitnavi-sinmipsi|<the judg 
ment threshold value, step S7 is proceeded to and a check is 
made as to Whether or not a difference in the curvature of the 

highest navigation curvature sinmirnaviimax and the 
highest real curvature sinmirpsiimax is smaller than the 
judgment threshold value. When this result is such that the 
difference in the curvature isithe judgment threshold value, 
the routine for carrying out evaluation processing of the OFF 
control in step S8 is carried, and When the difference in the 
curvature<the judgment threshold value, the actual vehicle 
behavior matches With the navigation data, the navigation 
data is judged to be reliable, and the routine is executed as 
is. 

For example, a reliability counter for counting reliability 
is provided and the control OFF evaluation processing is 
then carried out referring to this reliability counter. The 
value of the reliability counter is made to count up or to 
count doWn according to each of the judgment results With 
respect to the matching/non-matching of the mutual polari 
ties of the highest navigation curvature sinmirnaviimax 
and the highest real curvature sinmirpsiimax, the 
matching/non-matching of the mutual polarities of the total 
navigation angle sinmitnavi and the yaW angle sinmi 
psi, the difference betWeen the total navigation angle 
sinmitnavi and the yaW angle sinmipsi, and the differ 
ences betWeen the curvatures for the highest navigation 
curvature sinmirnaviimax and the highest real curvature 
sinmirpsiimax. When, for example, there are tWo con 
secutive erroneous judgments, the output of control com 
mands for alarms, deceleration and steering and the like is 
immediately put to a level for halting. 

In this case, When it is again judged that the navigation 
data is not reliable With the control commands for alarms, 
deceleration and steering and so on being halted, the period 
for Which the control commands are halted may be extended 
over a prescribed time range or by a prescribed distance. 

In this embodiment, because the reliability of curve 
information based on navigation data is veri?ed using real 
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curve information based on actual vehicle behavior, the 
unnecessary outputting of control commands for alarms, 
deceleration and steering and the like does not occur. The 
driver is therefore not subjected to any discomfort, deterio 
ration of drivability during driving is prevented, and control 
is improved. 

In this embodiment, the reliability of the navigation data 
is evaluated using both the difference betWeen a curve depth 
(total navigation angle) based on the navigation data and a 
yaW angle based on actual vehicle behavior, and a difference 
betWeen highest value (highest navigation curvature) of the 
curve curvature based on navigation data and a highest value 
(highest real curvature) of a curve curvature based on actual 
vehicle behavior. HoWever, the reliability of the navigation 
data may also be evaluated using just one of these differ 
ences. 

According to the present invention described above, 
errors in curve information from a navigation system can be 
judged using real curve information based on vehicle behav 
ior. The unnecessary output of control commands can there 
fore be prevented from happening and control can therefore 
be improved. 

Having described the preferred embodiments of the 
invention referring to the accompanying draWings, it should 
be understood that the present invention is not limited to 
those precise embodiments and various changes and modi 
?cations thereof could be made by one skilled in the art 
Without departing from the spirit or scope of the invention as 
de?ned in the appended claims. 
What is claimed is: 
1. A curve approach control device for predicting and 

judging the approach of a curve based on information for a 
curve ahead for a vehicle and outputting prescribed control 
commands comprising: 

means for comparing and judging matching betWeen 
curve information supplied by a navigation system and 
real curve information based on actual vehicle 
behavior, and means for stopping outputting of the 
control commands When it is judged that the curve 
information from the navigation system and the real 
curve information do not match. 

2. The curve approach control device of claim 1, Wherein 
curve information from the navigation system is represented 
by curve depth calculated from node data relating to a road, 
the real curve information is represented by a value arrived 
at by integrating a turning motion parameter of the vehicle, 
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and When a difference betWeen the curve depth and the 
integral value for the turning motion parameter is a threshold 
value or more, it is judged that the curve information from 
the navigation system and the real curve information do not 
match. 

3. The curve approach control device of claim 2, Wherein 
non-matching of polarities of the curve depth and the 
integral value of the turning motion parameter is taken as 
one condition for judging that the curve information from 
the navigation system and the real curve information do not 
match. 

4. The curve approach control device of claim 2, Wherein 
the turning motion parameter is yaW rate or lateral accel 
eration. 

5. The curve approach control device of claim 2, Wherein 
halting of outputting of the control commands continues for 
a set distance, a set time, or until mismatching is resolved. 

6. The curve approach control device of claim 1, Wherein 
curve information from the navigation system is represented 
by curve curvature calculated from node data relating to a 
road, the real curve information is represented by curve 
curvature calculated from vehicle speed and a turning 
motion parameter for the vehicle, and When a difference 
betWeen the curve curvatures is greater than or equal to a 
threshold value, it is judged that the curve information from 
the navigation system and the real curve information do not 
match. 

7. The curve approach control device of claim 6, Wherein 
non-matching of polarities of the curve curvatures is taken 
as one condition for judging that the curve information from 
the navigation system and the real curve information do not 
match. 

8. The curve approach control device of claim 6, Wherein 
the turning motion parameter is yaW rate or lateral accel 
eration. 

9. The curve approach control device of claim 6, Wherein 
halting of outputting of the control commands continues for 
a set distance, a set time, or until mismatching is resolved. 

10. The curve approach control device of claim 1, Wherein 
halting of outputting of the control commands continues for 
a set distance, a set time, or until mismatching is resolved. 

11. A vehicle equipped With the curve approach control 
device of claim 1, Wherein at least one of alarm control, 
deceleration control and steering control is executed based 
on a signal from the curve approach control device. 

* * * * * 


